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Following the success of recombinant proteins, 
therapeutic monoclonal antibodies (mAbs) 
represent the second wave of innovation created 
by the biotechnology industry during the past 
twenty years. Between 200 1 and 2002, the value 
of the global therapeutic mAb market grew by 
57% to US $^4bilHon.Cbimeric xnAbs were 
the undisputed leaders, with 43% growth and 
US $3,8 bflflon in sales* followed by humanuied 
laAbs with more than US $ 1.4 billion in sales 
and growth of 29%. Tue current global clinic*! 
antibody pipeline, which comprises 132 prod- 
ucts in development and is dominated by 
humanized (42%) and fully human (28%) 
mAbs, is poised to deliver as many as 16 new 
products between 2004 and 2008. As a result 
of growth id existing markets for mAb thera- 
peutics, and the opening of new ones, the 
global market is projected to increase to US 
$16,7 billion in 2008. 

GftAbs m&pmw&a tor KaaffcsSffin^j 
lb date, 17 therapeutic mAbs, comprising 
four different types, have been approved by 
the US PDAs three murine, five chimeric, 
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eight humanized and one human* Nine of 
the seventeen mAbs have also been approved 
in the European Union (BU), All of these 
products were approved in the United States 
first, though aU were approved in die EU within 
two years of the US approval date. Moan 
approval times for mAbs are fester in the United 
States compared with the BU because the FDA 
has given priority review designation to a 
majority of the marketing applications. Of the 
approved products, the best-sdkr is Johnson 8c 
Johnsoa/Schoring-Ploiigh's infliximab (Remi- 
cadc), with sales of US S 1,6 trillion, representing 
30,5% of the total market sales in 2002, This 
product was also the rastm-growing psaduct in 
2002, with saks increasing by 84%. 

Although many products might start on the 
path to approval, not all will complete the 
convoluted process. In our analysis, probabil- 
ities of product advancement from the start 
of clinical development through US approval 
were calculated on the basis of current devel- 
opment status of 260 products identified as 
either murine, chimeric* humanized or 
human mAbs (fig. i). Murine mAbs had the 
lowest transition probabilities at each phase. 
The chlmeric> humanized and human prod- 
ucts had similar Phase I to 11 and Phase II to 
HI transition probabilities) but the probabili- 
ties diverged at the Phase III to US review 
transition. For the vast majority of mAb 
products, if the PDA filed the marketing 
application, then the product ultimately 
received approval 
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topes oftnarapeirtic mAbs. "Phase tran^tjon 
pnababifftiEs were c#o&ffsd fallows: the numtar 
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number of eieduets that entered the pftasa and 
tr^th^vv^^fntnopnassatths^ecfths 
catenation. CEn^t^utotorwiTwantlbodias 
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fcr the SwoY of OtuQ Devetopment USA. US 
appnavakUSP, US review. 



Approval success rates are a measure of the 
likelihood of receiving marketing approval 
tor a product that enters clinical testing. The 
range of overall approval success for the four 
types of mAbs was large, 7b date, the murine 
products have been least successful (4.5%), 
whereas the chimeric mAbs have been miost 
successful (26%). The approval success rates 
for the humanised ( 18%) and human ( 14% ) 
mAbs were in the middle of the range. The 
majority of the humanized and human 
mAbs are still in clinical development, so the 
approval success rates might change as the fate 
of more products is determined. Additional 
variation in the success rates was observed 
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when the mAbs were cafcegorL&ed by both 
type and therapeutic category. For example, 
the success rates for antineoplastic and 
immunological chimeric mAbs were 29%, 
whereas humanized antineoplastic and 
immunological mAbs had a 25% and 17% 
success rate, respectively. 

tffcraa off tifca ffiutodra 

Looking toward the future, wc anticipate two 
major approval waves during the next five 
year* The first will occur between 2004 and 
2006, with humanized antibodies comprising 
the largest number o f approvals, whereas the 
second will occur between 2007 and 2008. and 
bf dominated by h'"™ 1 n^foody products- Of 
particular interest, Osidorn (ImmunoDcsigned 
Molecules), a combination of a bispcclSe mAb 
and macrophage-acovated killer cells, and two 
radiolabelled antibodies might reach the 
market by 2008 . One product produced using 
a novel engineering approach, Celltech's frag- 
mented antibody CDP-870, is expected to 
launch in 2006. 

Acjipowjlirig tnnao-fceS 

Although growth will rely on the rise of 
humanized and human antibodies, chimerics, 
led by infliximab and rituximab (Rituxan; 
Gencotech), wul dominate with e 49% market 
share in 2008, Humanized antibodies will 
follow, with sales forecast to reach US $5.2 
billion, or a 3 i% market share by 2008, In 
additions fully human antibodies with 2008 
sales of US $ 1.9 billion, will capture 11% of 
the market in 2008. 

Two therapeutic categories — oncology 
and arthritis, immune and inflammatory dis- 
orders (MID) — will tikdy be the commercial 
and research focus during the next mux year*. 
With the recent approvals of cctuximab 
(Erbirux; Imdoac Systems) and bevacizumab 
(Avastin; Gcnentech), oncology will be the 
leading income earner, with forecast sales of 
US $7.2 billion in 2008, representing a 43% 
market share. Meanwhile, MID sales will 
almost quadruple from US $1,7 billion to $6,7 
billion in 2008, or a 40% marfcet share. In 
addition, the industry might see approvals in 
new areas such as the 2005 launch of the 
hurnanized antibody naraHzumab (Antegren; 
Biogen IDEC/Elan) for the treatment of 
multiple sclerosis. > 
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MONOCLONAL ANTIBODIES MARKET! MARKET INDICATORS 



> ^antibody-focused^ 

has garnered US marketing approval for 13 
therapeutic mAbs during the past six years 
flkBLE i). During the aerf five ytaiSj the indus- 
try has the potential to double the number of 
uppiOvedraAbs, and can anticipate a tripling 
of the global market for mAb products (see 
JUGS lb achieve this result, the industry 
needs to continue to evolve towards technol" 
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will depend on strategies targeting shorter 
development times* bigflwi success wtes, Inno- 
vative molecular engineering, robust fcoielkc- 
tualf 

of cost-eflbcnVe mattttfeetnring. 
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Foure 2 1 Kew product approval trajectories in terms of technological exposure and safes Potential 
In 200B, Sixteen r^amfcxiie* am e^to 

miltons. Souce: D^monitor, 1U interteuMn; MRA. humanteed an^uman (L-6 racaptor monodonal antibody. 
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Figure 3 1 Co mpartson of therapeutic mAb sates trajectories in 200? (yellow) and 2006 (btuo) in terms 
of technological tocua. Despite the undisputed leadership of crtmsrte mAba, the contflbutioo of humanbed 
and My human proflucta to total mertoBt afzo wil sffiifcantty rtse. Source: Datarnonftor. 



Tabk 1 1 Therapeutic mAbs approved in the United State* and European Union 

Sponsor company Generic nam* 

Jatwson& Johnson Murornanab-CD3 



Oertocor 


Abovomab 


fiioganlDBO 


Bltuxlrnab 


Protein Ds^gn Labs Dadtajmab 


Novartia 


Basilbdmab 


Ntedimmuns. 


r^ttodzuiTlflto 


Cehtooor 


inffiwrnab 


QansritBOti . 


Trastuzumab 


Wystri 


C3smtu£unneb ozocjamlcin 


N/fffennHjrTvllJEX 


Aterrrtyzurnab 


BjogenlDK 


terfttimomab tiuxstsn 


/tobott : 


Adafrwrnab ' 


Oenentedi 


Omafizumab 


Carta 


TbsitL(mom8bHi3i 


QanfifltfiCfi 




irrdons Systems 


Getuxlmab 


QsriEntech 


Bevacfcurnab 



us trade name 


mAb type 


Therapeutic 
category 


US approval 
date 


EU* approval 

m& 


Orthoc)oneOKr3 


Murine 


Immunological* 


19.08.19B8 


NA 


RaoPro 


OhlmeA; • 


Hemoa'W^s 


22.12.1994 


NA 


Rituxan 


ChfrnsriC 


Antineoplastic 


26.11.1897 


02.06.1998 


Ze/iapax ■ 




Immuncbgfed 


/ 10,12,1997 


26,02,1999 


Simulect 




immunological 


' 1^05.1998 


0^.10.1998 


Synenls 


HuiTSnkect 


AntirintfecUvB 


1W6.1998' 


■iaoa.i98a 


Remtcade 


Chimeric 


ImmunologicaJ 


24mi99B 


13,08.1999 


Hencapfln 


Humanized 


Antineoplastic • 


Somite 


2S.Oa20t30 


Mytotarg 


Humanized 


Antineoplastic 


17.055000 


NA 


Campath 
ZevaSn 


Humected 


Antineoplastic 


07,055001 


OQ.O7.20O1 


Murtna 


Antineopte3tlo 


19,02.2002 


16,01.2004 


Humim 


Human 


Immunologfeaj 


31,12^002* 


08.09,2003 


Xotalr 


HumantzBd 


(mmunolocjcal 


20.08.2003 


NA 




Murine 


AntSnaoplagtjo 


27.06.2003 


NA 


Raptiva 


Humanfeed 


Immunological 


27.10,2003 


NA 


Emitux 


Ohinsrfc 


Antineoplastic 


12,02.20W 


NA 


Avastln 


humanized 


Antineoplastic 


28.02.2004 


NA- 



'Approved using cu aentraizBO prooecwre. touo» sui 
Sow*: TUBh Oerrtsr for the Study of Plug Development 



;NA. not approval. 
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